The bcl-2 gene becomes transcriptionally deregulated in the majority of low-grade non-Hodgkin lymphomas as a result of t(l4;18) translocations that place the bcl-2 gene at 18q21 into juxtaposition with the lg heavy-chain locus at 14q32. This chromosomal translocation or similar bcl-2 gene rearrangements involving the Ig light-chain genes have been reported to occur in some cases of B-cell chronic lymphocytic leukemia (B-CLL). We analyzed the structure, methylation, and expression of the bcl-2 gene in 20 cases of B-CLL or closely related variants of this lymphoproliferative disorder, including at least 1 6 typical examples of CD5+ B-CLL. None of the 20 specimens had evidence of bcl-2 gene rearrangements, based on Southern blot analysis using three different bcl-2 probes. However, immunoblot analysis using antibodies specific for the Bcl-2 protein showed that 14 of 20 cases (70%) contained levels of p26-Bcl-2 that were equal to or greater than those found in a t(l4;18)-bearing lymphoma cell line. Furthermore, in 19 of 20 cases (95%). the Bcl-2 protein was present at levels that were 1.7-to 25-fold higher than in normal peripheral blood lymphocytes. These differences in the relative levels of Bcl-2 protein among cases of B-CLL appeared to be functionally significant, in that a preliminary analysis of 3 representative cases showed that CLL cells with HE bcl-2 GENE was initially discovered because of its T involvement in the t( 14; 18) chromosomal translocations found in greater than 85% of low-grade follicular nonHodgkin's lymphomas (NHLs).' In this translocation, the bcl-2 gene at 18q2 1 is moved into juxtaposition with powerful enhancer elements within the Ig heavy-chain locus at 14q32, resulting in transcriptional deregulation of this proto-~ncogene.~,~ The bcl-2 gene is large, spanning nearly 400 kb, primarily because of the presence of a huge intron of 250 to 350 kb located between the two major exons of the gene. higher levels of Bcl-2 protein survived longer in culture and were delayed in their onset of DNA degradation relative to CLL cells with lower Bcl-2 protein levels. Evaluation of the methylation status of the bcl-2 gene using the isoschizomers Msp I and Hpa II, and a probe corresponding to the first major exon of the gene showed complete demethylation of both copies of the bcl-2 gene in a region corresponding to a 2.4-kb Msp I fragment in all 20 cases of B-CLL. In contrast, analysis of 6 of 6 B-cell lines that harbor a t(l4;18) was consistent with hypomethylation of only one of the two bcl-2 alleles. Neither copy of the bc-2 gene was demethylated in this region in 5 of 5 lymphoid cell lines that lack this translocation. However, hypomethylation of the bcl-2 gene did not necessarily correlate with the relative levels of Bcl-2 protein present in the B-CLL cells, suggesting that additional mechanisms for regulating bcl-2 expression are involved. Taken together, the data indicate that high levels of bcl-2 expression occur frequently in B-CLL, and suggest that trans-regulatory mechanisms are involved in this lymphoproliferative disorder, as opposed to the cis-regulatory defect commonly found in t(l4;18)-containing lymphomas.
By Motoi Hanada, Domenico Delia, Antonella Aiello, Edward Stadtmauer, and John C. Reed The bcl-2 gene becomes transcriptionally deregulated in the majority of low-grade non-Hodgkin lymphomas as a result of t(l4;18) translocations that place the bcl-2 gene at 18q21 into juxtaposition with the lg heavy-chain locus at 14q32. This chromosomal translocation or similar bcl-2 gene rearrangements involving the Ig light-chain genes have been reported to occur in some cases of B-cell chronic lymphocytic leukemia (B-CLL). We analyzed the structure, methylation, and expression of the bcl-2 gene in 20 cases of B-CLL or closely related variants of this lymphoproliferative disorder, including at least 1 6 typical examples of CD5+ B-CLL. None of the 20 specimens had evidence of bcl-2 gene rearrangements, based on Southern blot analysis using three different bcl-2 probes. However, immunoblot analysis using antibodies specific for the Bcl-2 protein showed that 14 of 20 cases (70%) contained levels of p26-Bcl-2 that were equal to or greater than those found in a t(l4;18)-bearing lymphoma cell line. Furthermore, in 19 of 20 cases (95%). the Bcl-2 protein was present at levels that were 1.7-to 25-fold higher than in normal peripheral blood lymphocytes. These differences in the relative levels of Bcl-2 protein among cases of B-CLL appeared to be functionally significant, in that a preliminary analysis of 3 representative cases showed that CLL cells with HE bcl-2 GENE was initially discovered because of its T involvement in the t( 14; 18) chromosomal translocations found in greater than 85% of low-grade follicular nonHodgkin's lymphomas (NHLs).' In this translocation, the bcl-2 gene at 18q2 1 is moved into juxtaposition with powerful enhancer elements within the Ig heavy-chain locus at 14q32, resulting in transcriptional deregulation of this proto-~ncogene.~,~ The bcl-2 gene is large, spanning nearly 400 kb, primarily because of the presence of a huge intron of 250 to 350 kb located between the two major exons of the gene.2,4 In t( 14; 18) translocations, the breakpoints typically occur either within 3'-untranslated portions of the gene, downstream of the open reading frame (major breakpoint 0 I993 by The American Society of Hematology.
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higher levels of Bcl-2 protein survived longer in culture and were delayed in their onset of DNA degradation relative to CLL cells with lower Bcl-2 protein levels. Evaluation of the methylation status of the bcl-2 gene using the isoschizomers Msp I and Hpa II, and a probe corresponding to the first major exon of the gene showed complete demethylation of both copies of the bcl-2 gene in a region corresponding to a 2.4-kb Msp I fragment in all 20 cases of B-CLL. In contrast, analysis of 6 of 6 B-cell lines that harbor a t(l4;18) was consistent with hypomethylation of only one of the two bcl-2 alleles. Neither copy of the bc-2 gene was demethylated in this region in 5 of 5 lymphoid cell lines that lack this translocation. However, hypomethylation of the bcl-2 gene did not necessarily correlate with the relative levels of Bcl-2 protein present in the B-CLL cells, suggesting that additional mechanisms for regulating bcl-2 expression are involved. Taken together, the data indicate that high levels of bcl-2 expression occur frequently in B-CLL, and suggest that trans-regulatory mechanisms are involved in this lymphoproliferative disorder, as opposed to the cis-regulatory defect commonly found in t(l4;18)-containing lymphomas. 0 1993 by The American Society of Hematology.
cluster region [MBR]), or completely 3' and outside of the bcl-2 transcriptional unit (minor cluster region [MCR]). 5 The precise mechanisms involved in the deregulation of bcl-2 expression in t( 14; lS)-containing lymphomas have not been delineated, but hypomethylation in the 5'-end of the gene within a region corresponding to the promoter and first major exon has been reported to occur in one of the two copies of bcl-2 (presumably the rearranged copy) in B-cell lines that contain a t( 14;18). This covalent modification of DNA may thus serve as a marker of bcl-2 gene activation in at least some cases. 3 In addition to follicular NHLs, bcl-2 gene rearrangements have been reported in some cases of B-cell chronic lymphocytic leukemia (B-CLL).637 Although Southern blot analysis has shown rearrangements consistent with a t( 14; 18) in B-CLL, more often the bcl-2 gene is fused with either the K-or A-chain loci in these leukemic cells. In the case of fusions with the light-chain genes, the breakpoints in the bel-2 gene occur in the 5'-end of the bel-2 gene, upstream of the open reading
In the light-chain loci, the breakpoints typically occur at or near the J gene segments, similar to the situation with the t( 14; 18) translocations. Accordingly, fusion of bcl-2 with Ig genes has been theorized to result from errors in the normal Ig gene rearrangement process that occurs during B-cell development, but other mechanisms have not been excluded as pos~ibilities.~~'~ Biologically and clinically, B-CLL resembles the lowgrade lymphomas that typically contain bcl-2 gene rearrangements in that both are indolent diseases Characterized by long latent phases and the gradual accumulation in the body of mature B cells that are mostly small resting Go/G,-phase cells.",'2 Both of these neoplastic disorders are pres-
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ently incurable, although recent advances in autologous bone marrow purging and transplantation may change the ultimate outcome for at least some patients with low-grade 1ymph0mas.I~ Part of the explanation for the incurability of follicular lymphoma and B-CLL may be related to the low mitotic rate of the cells, given that the majority of chemotherapeutic drugs currently used in the treatment of cancer are relatively specific for rapidly proliferating cells. However, another potential contributor to the poor outcome for patients with follicular lymphoma may be the bcl-2 gene itself, whose protein product can increase the relative resistance of cells to killing by essentially all chemotherapeutic drugs and by y-"radiation.'"" These similarities between B-CLL and the low-grade NHLs prompted us to more closely examine the status of the bcl-2 gene in leukemic blood specimens derived from 20 patients affected with B-CLL or its variants. Immunoblot assay. Analysis of relative levels of Bcl-2 and other proteins in B-CLL cells was accomplished by immunoblot assay exactly as described previously?'.'' Protein-containing lysates were prepared from fresh or frozen cells for all 20 cases. Samples were normalized for total protein content and 100-pg aliquots analyzed one to three times (depending on the amount of protein obtained). Blots were cut into sections and incubated with various antibodies or stained with Ponceau-S (Sigma, St Louis, MO) to verify loading of approximately equal amounts of total protein. Antibodies used for these studies included two different rabbit antisera that were raised against synthetic peptides corresponding to amino acids 41 through 54 or 6 on Ficoll so that the starting cell number was greater than 99% viable based on trypan blue dye exclusion. One million cells per milliliter were then cultured at 37°C and 5% COz in IMEM containing 20% (vol/vol) heat-inactivated fetal calf serum, 1 mmol/L glutamine, 50 U/mL penicillin, and 100 pg/mL streptomycin. Cells were recovered from cultures at various times, and either fixed for 30 minutes on ice in Dulbecco's phosphate-buffered saline (PBS) (pH 7.4) containing 30% ethanol for subsequent DNA content analysis or resuspended in PBS containing 0.2% (final) trypan blue and immediately counted using a hemocytometer to determine the percentage of viable cells. A minimum of 200 cells were counted per sample, and the data were reported as the mean -C standard deviation for three determinations.
MATERIALS AND METHODS
Patient materials.
The relative DNA content of fixed cells was estimated by flow cytometric analysis. Cells were placed overnight at 4°C in PBS (pH 7.4) containing 50 pg/mL propidium iodide, 0.1% Triton-X 100, 0.1 mmol/L EDTA, and 50 pg/mL RNAse-A and then analyzed using a Becton Dickinson FACScan instrument (Becton Dickinson, Mountain View, CA), essentially as described previously.21 Data were displayed as histograms, representing relative fluorescence intensity (abscissa) versus relative cell number (ordinate). A lower limit threshold for fluorescence was set on the cells with Gd GI DNA content and the percentage of propidium iodide-stained cells having fluorescence less than this value was determined.
RESULTS
High relative levels of p26-Bel-2 protein occur frequently in B-CLL. Table 1 presents some of the characteristics of the leukemic cell specimens evaluated with regards to bcl-2 gene expression. Of the 20 cases, 17 were diagnosed as CLL based on morphology, lymphocyte count, bone marrow examination, and clinical presentation. One was a hairy-cell variant of CLL (HCV). One case was morphologically consistent with prolymphocytic leukemia (PLL), and another represented a patient who presented with concomitant welldifferentiated, small noncleaved cell lymphoma (NHL). Surface marker data were available for 19 of the 20 specimens, showing that at least 16 of the cases were CD5+. Included among the CD5-specimens were the HCV and PLL cases ( Table 1) . Figure 1 shows an example of some immunoblot data for 10 of the 20 B-CLL cases, and Table 1 summarizes the data for all 20 specimens. All data were compared with RS 1 1846, a B-CLL lymphoma line that harbors a t( 14; 18), and with peripheral blood lymphocytes (PBLs) from normal volunteers. Note that normal PBLs (which are composed of mostly T cells) contained relative levels of p26-Bcl-2 protein that were only about 20% of those found in the lymphoma cell line. With the exception of one sample (case no. 3), mononuclear cells recovered from B-CLL samples contained higher levels of p26-Bcl-2 protein than normal PBLs. In 14 of 20 cases, the levels of Bcl-2 protein in B-CLL cells 3  3  2  3  3  2  3  3  3  3  3  3  3  3  3  2  3  3 PELs from 7 normal volunteers or from 20 patients affected with B-CLL or its variants were analyzed by immunoblotting for their relative levels of Bcl-2 and PCNA proteins. The diagnosis for leukemia patients was established by consideration of morphologic and immunophenotypic data, and determined to be consistent with CLL, HCV, NHL, or PLL. The percentage of cells exhibiting immunostaining with an antibody specific for CD5 was determined by flow-cytometric immunofluorescence assay.lg Abbreviation: ND, not done. * lmmunoblot data derived from the analysis of 1OO-pg aliquots of protein lysates were quantified by scanning densitometry. The data were normalized relative to the t( 14; 18)-containing E-lymphoma line RSll846, which was included on every blot as an internal control. Each E-CLL sample was analyzed two or three times in separate experiments (number in parentheses) and the data reported as the mean of two determinations or as the mean f standard deviation for three assays. PELs from 7 normal volunteers were also analyzed.
t lmmunoblot data for PCNA protein levels were normalized relative to the results obtained with the Eurkitt lymphoma line Daudi, which was included on every blot as an intemal control.
were as high or higher than those found in the t( 14;18)-containing lymphoma cell line. Among the 6 cases that contained relatively less Bcl-2 protein, 4 were CD5+ B-CLL, I was a CD5-HCV, and for 1 case no immunophenotypic data were available. Incubation of blots with an antiserum specific for the mitochondrial inner membrane protein F,-verified the presence of intact protein for all samples.
Some blots were also incubated with a monoclonal antibody specific for PCNA, because a previous report suggested that this proliferation-associated protein was a marker of worse prognosis for at least some patients with B-CLL." Only 3 cases of B-CLL contained detectable PCNA (Table I) . These data were normalized relative to the levels of PCNA found in Daudi, a B-cell lymphoma cell line that contains a t(8;14) involving c-myc and that has a high proliferative rate. Among the cases that contained PCNA, 2 had relatively high levels of Bcl-2 protein (cases no. 4 and 1 1) and one had lower levels of this oncoprotein (case no. 7).
All were CD5'.
Hypomethylation of the 5'-end of the bcl-2 gene in cell lines containing a t(14:18). Previously, we examined the methylation status of the hcl-2 gene in two B-cell lines that c0ntain.a t( 14; 18). and found that one of the two copies of the bcl-2 gene in these cells was hypomethylated in the region corresponding to the first major exon ofthe gene.' This correlation between methylation and hcl-2 gene rearrangement is most easily appreciated by examination of a 2.4-kb Msp I restriction fragment that can be detected usinga 3.85-kb Xho I to Hind111 hcl-2 genomic probe. As shown in Fig 2, approximately half of the DNA derived from the t( 14; 18)-containing cell lines 380, SU-DHL-6, and RSI 1846 was cleaved by the methylation-sensitive enzyme Hpa 11, thus producing a 2.4-kb band in these Southern blot assays. Es- from the PBLs of a normal volunteer. Triton-X1 00 extracts were prepared as described normalized for total protein content (1 00 pg per lane), and subjected to sodium dodecyl sulfatepolyacrylamide gel electrophoresis (1 2% gels), followed by transfer to nitrocellulose. Blots were cut into sections and incubated with antibodies specific for either p26-Bcl-2, p36-PCNA, or p5O-F,-@-ATPase. As controls, 100-pg aliquots of protein from the cell lines RS11846 and Daudi were also analyzed.
For After transfer to nylon membranes, blots were hybridized with a 32P-labeled 3.85-kb Xho I to Hindlll fragment from the p18-21H probe, representing a genomic clone of a region of the bcl-2 gene corresponding to portions of the first major exon and extending into the first 2.6 kb of the large intron in this gene.z3 Markers represent Hindlll-digested h DNA (in kilobase pairs). For the lower panel, the bcl-2 probe was eluted and the blot was rehybridized with a 3zP-labeled mitochondrial DNA probe. Only the region of the blot corresponding to the 1.2-kb mitochondrial Msp I fragment is shown.
cell ALL line Jurkat shown in Fig 2. Rehybridization ofthe same Southern blots with a mitochondrial DNA probe verified loading of approximately equal amounts of Hpa II-digested and of Msp I-digested DNA, and also served to confirm complete digestion of DNA with Hpa I1 because mitochondrial DNA is not subject to m e t h y l a t i~n .~~ Hypomethylation of the 5'-end of the bcl-2 gene occurs frequently in B-CLL and involves both copies of the gene. Sufficient DNA was obtained from all 20 B-CLL specimens for analysis of bcl-2 gene methylation. Blots containing DNA cleaved with either Msp I or Hpa I1 were sequentially hybridized with probes corresponding to various regions of bcl-2 as well as with a mitochondrial DNA probe to verify complete digestion of DNA with Hpa 11. In all 20 cases of B-CLL, both bcl-2 alleles appeared to be hypomethylated in the 5'-end of the gene, as evidenced by approximately equal intensity 2.4-kb bands in DNA that was digested with either Msp I or Hpa I1 and by the absence of higher molecular weight bands in Hpa 11-digested DNA. Figure 3 presents some examples ofthese Southern blot data obtained with DNA derived from B-CLL cells, comparing the results with the B-lymphoblastoid line AKATA. In contrast to the B-CLL samples, note that, in DNA derived from AKATA, no 2.4-kb band appears in the Hpa Ildigested DNA, and that, instead, several higher molecular weight Hpa I1 fragments are detected. Thus, the region of the bcl-2 gene detected by this 5'-hcl-2 probe appears to be hypomethylated in B-CLL cells (see Table 2 for a summary of the results for all 20 cases).
Analysis of DNA methylation in the 3'-end of the bcl-2 gene was accomplished using a 4.4-kb Hind111 genomic probe that hybridizes near the MBR in the 3'-untranslated portion of the gene. Hybridization of Msp I-digested DNA with this probe showed bands of 4.3, 3.6, 2. I , and I .3 kb in all samples (not shown). In only 3 cases were any of these bands present in Hpa 11-digested DNA, indicating that the 3'-end of the bcl-2 was extensively methylated. The exceptions were cases no. 4 
Abbreviations: L, light methylation; M, moderate methylation; H, heavy methylation; N, no methylation; G, germline; R, rearranged; ND, not done.
Genomic DNA was analyzed using the enzymes Msp I and Hpa II to determine the extent of DNA methylation using bcl-2 probes corresponding to the 5-end of the gene, the 3-end near the MER, and 3'of the gene near the MCR. The extent of DNA methylation was reported as heavy (H), moderate (M), light (L), or none (N) (see text for details).
t The structure of the bcl-2 gene was analyzed by Southern blot analysis of DNA isolated from E-CLL cells, using the enzymes Hindlll, BamHI, and EcoRl and using three different bcl-2 probes. All samples contained only the germline restriction fragments (G), and no rearranged bands (R) were detected. hypomethylated, and case no. 12, in which both the 4.3-and 2. I-kb bands were present in Hpa 11-digested DNA (Table 2). Similarly, analysis of DNA methylation in a region 3' of the bcl-2 transcriptional unit using a 4.5-kb EcoRI genomic probe that hybridizes near the bcl-2 MCR showed heavy methylation in 18 of 20 B-CLL samples (Table 2) . In these cases, Hpa 11-digested DNA contained a band of 225 kb, in contrast to Msp I bands of 2.9, 3.0, and 3.1 kb (not shown). In 2 cases, an Hpa I1 band of 3.2 kb was present, suggesting less extensive methylation.
Absence of bcl-2 gene rearrangements in B-CLL samples. In 19 of 20 cases of B-CLL, sufficient DNA was available for analysis of bcl-2 gene structure using the restriction enzymes HindIII, BamHI, and EcoRI, and the three bcl-2 probes described above. Previous studies have shown that Southern blot analysis using these three enzymes and probes detects 90% oft( 14; 18) trans location^.^' As summarized in Table 2 , no evidence of bcl-2 gene rearrangements was obtained for any of the 19 B-CLL cases examined. In the 1 case (patient no. 6) in which insufficient DNA was obtained for digestion with HindIII, BamHI, and EcoRI, no rearrangements were detected in the Msp I-digested DNA, suggesting that this case also lacked bcl-2 gene rearrangements (not shown).
Correlation of Bcl-2 protein levels with in vitro survival of B-CLL cells. Overexpression of the bcl-2 gene has been reported to prolong the in vitro survival of B lymphocytes by delaying the onset of programmed cell death or apoptosk2' As a first attempt to evaluate the functional significance of the high levels of Bcl-2 protein found in many cases of B-CLL, we compared the in vitro survival of 3 CLL specimens for which additional cells were still available: samples no. 3, 10, and 16 (see Table I ). Samples no. 3 and 16 contained the lowest and the highest relative levels of Bcl-2 protein, respectively, among the cases of B-CLL analyzed here. Case no. 10 contained an intermediate amount of Bcl-2 protein. As shown in Fig 4, the B-CLL cells with low levels of Bcl-2 protein (case no. 3) died more quickly in culture than cells that contained relatively high levels of this oncoprotein (cases no. 10 and 16). These cells with low Bcl-2 also became shrunken and developed a morphologic appearance typical of apoptotic cells (not shown).
One of the hallmarks of apoptotic cell death is the degradation of nuclear DNA due to the activation of intracellular endonuclease^.^^ We therefore estimated the DNA content of these same B-CLL cell specimens at various times after initiation of in vitro cultures. For Despite the absence of detectable bcl-2 gene rearrangements, in 70% of 20 cases examined here the relative levels of p26-Bcl-2 protein in B-CLL cells were equivalent to or greater than those found in a reference cell line that contains a t ( 14; 18) . Similarly, levels of bcl-2 mRNA were recently reported to be 4 to 31 times higher than those found in normal PBLs in 16 of 20 cases (80%) of B-CLLs studied by Mariano et aL3* Thus, it appears that mechanisms exist for achieving high levels of Bcl-2 protein accumulation in B-CLL cells that are independent of bcl-2 gene rearrangements. Furthermore, based on our preliminary analysis of the in vitro survival of some representative cases of B-CLL, it appears that the high levels of Bcl-2 protein found in many CLLs are potentially of functional significance inasmuch as cells derived from a case of CLL with very low levels of Bcl-2 protein died with accelerated kinetics and experienced the DNA degradation, cell shrinkage, and morphologic changes typical of apoptosis more quickly than CLL cells that contained relatively high levels of Bcl-2 protein.
Precisely what these mechanisms are that lead to high levels of Bcl-2 protein remains to be determined, but it is of interest that DNA hypomethylation was observed in all 20 cases of B-CLL in a relatively selected region of the bcl-2 gene corresponding to a 2.4-kb Msp I restriction fragment that encompassed portions of the first major exon of this proto-oncogene. In most settings, hypomethylation is associated with upregulation of gene expression, or at least with the potential for induction of gene expre~sion.~~ In this regard, our analysis of t( 14; 18)-containing cell lines indicates that hypomethylation in the 5'-end of the bel-2 gene can be associated with transcriptional activation of this proto-oncogene. In all 6 of 6 t( 14; I @-containing cell lines analyzed, for example, approximately 50% of the DNA corresponding to this 2.4-kb Msp 1 fragment was cleavable by Hpu I1 based on scanning densitometry analysis of Southern blot autoradiograms (Fig 2 and data not shown) . This result argues that one of the two copies of the bcl-2 gene was hypomethylated in these lymphoma cell lines. Although not directly shown, presumably the hypomethylated copy represents the rearranged allele of bcl-2 and not the germline form of the gene, because previous studies have shown that the unrearranged bcl-2 allele is transcriptionally silent in lymphoma cells that contain translocations involving b~1 -2 .~~*~~ In contrast to t( 14; 18)-containing lymphoma cell lines, both copies of the bcl-2 gene appeared to be hypomethylated in all 20 of the cases of B-CLL examined here. These data thus imply that the mechanisms accounting for the high levels of bel-2 gene expression in most cases of B-CLL are different from those involved when translocations affect one copy of this gene in lymphomas, and suggest that both bcl-2 alleles may have the potential to become transcriptionally active in B-CLL cells. When taken together with the Southern blot data showing a lack of detectable bel-2 gene rearrangements, the DNA methylation results described here suggest that trans-regulatory mechanisms probably account for the high levels of bcl-2 expression that occur in most cases of B-CLL, as opposed to the cis-regulatory defect embodied in the t( 14; 18) translocations of follicular lymphomas.
Although it is difficult to argue that DNA methylation directly controls the expression of bcl-2 or other genes, all but 1 of the cases of B-CLL examined here (case no. 3) contained Bcl-2 protein at levels that were higher than in normal PBLs. Thus, in 19 of 20 cases, hypomethylation of the 5'-end ofthe bel-2 gene was associated with expression of this proto-oncogene. However, even if DNA methylation does directly contribute to the regulation of bcl-2 expression in B-CLL, clearly other mechanisms must also be involved, given that the relative levels of Bcl-2 protein present in I9 cases of CLL that expressed bcl-2 varied from 1.7 to 25 times the levels of Bcl-2 protein in normal PBLs.
Although the bcl-2 gene is expressed in the majority of cases ofB-CLL, at issue is whether this reflects an abnormality in the regulation of this proto-oncogene versus a reflection of a process that is normal for a particular stage of B-cell differentiation or for a subset of B cells. In a previous report in which normal CD5' B cells were isolated from cord blood, bel-2 mRNA was found to be present at insufficient levels for detection by Northern bl~tting,~' suggesting that normal CD5+ cells do not express bcl-2. In this case, the bel-2 expression seen in B-CLL could be regarded as pathologic. However, because CD5+ cord blood B cells exhibit an activated phenotype, the absence of bcl-2 expression could also be a manifestation of other differences between the normal and neoplastic B cells. Alternatively, others have likened CD5+ B-CLL cells to the long-lived memory B cells that are located in the mantel zone of lymphoid follicles.31335 Immunohistochemical studies of normal mantel zone B cells have shown intense immunoreactivity with anti-Bcl-2 antibodies, with the levels of immunostaining appearing subjectively at least to be equivalent to those found in t( 14; 18)-containing follicular lymphoma^.^^,^' Thus, the high levels of Bcl-2 protein that we detected in B-CLL cells may merely be a reflection of B cells that are committed to the memory pathway.
Although B-CLL cells are typically CD5+, we found no clear association of this leukocyte differentiation antigen with high levels of Bcl-2 protein, consistent with reports by other^.^',^^ The presence of PCNA protein also was not correlated either positively or negatively with Bcl-2 protein levels in our group of B-CLL samples. Previously, Schena et a131 showed that stimulation of proliferation of certain B-CLL cell lines leads to downregulation of bcl-2 gene expression. However, whereas most proliferating cells (as defined by expression of Ki67) lost immunodetectable Bcl-2 protein, some Ki67 cells with plasmacytoid features continued to express 6~1-2.~' When taken together with these data de-
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rived from B-CLL cell lines, therefore, our data argue that bcl-2 expression is not necessarily inversely correlated with cellular proliferation in B-CLL.
The finding of high levels of Bcl-2 protein in the majority of B-CLL specimens has potentially important implications for better understanding the biology and clinical manifestations of this lymphoproliferative disorder. Similar to the low-grade follicular NHLs that typically contain t( 14; 18) translocations involving bcl-2, B-CLL is characterized by a highly variable clinical course, with many patients enjoying normal age-adjusted survivals and others succumbing to their disease within 1 year of diagnosis. Although new therapies hold some promise of improved clinical outcome^,'^,^^ treatment in both diseases has traditionally been only palliative in nature, with death rates of 5% to 10% per year occurring essentially regardless of whether combination chemotherapy or single drug regimens are u~e d .~~,~ In both B-CLL and low-grade follicular lymphoma, the proportion of cells that are in cell cycle at any one time typically represents only a small percentage of the total, perhaps accounting in part for the current incurability of these Well malignancies. That bcl-2 is expressed at high levels in the majority of patients with low-grade non-Hodgkin B-cell lymphomas and B-CLL, however, suggests a direct connection between this proto-oncogene and the similar clinical behaviors of these disorders. Unlike other oncogenes described to date, the bcl-2 gene is unique in that the principal mechanism by which it contributes to neoplastic cell expansion is by prolonging cell survival rather than by accelerating the rate of cell proliferation." Molecular analysis of clinical materials as well as studies in transgenic mice that contain bcl-2/Ig fusion genes indicate that this survival advantage conferred by bcl-2 allows cells to accumulate due to a lack of normal turnover, and can set the stage for the acquisition of additional genetic lesions that can act in concert with bcl-2 and thus lead to more aggressive disease.4145 Moreover, because overproduction of the Bcl-2 protein can also markedly increase the relative resistance of cells to killing by y-irradiation and both cell-cycle-dependent and -independent chemotherapeutic drugs,'"16 the high levels of bcl-2 expression commonly found in B-CLL and low-grade follicular NHL cells may account in part for the difficulty in eradicating malignant cells from patients affected by these lymphoproliferative disorders.
